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Vascular damage is common to inflammatory lesions following a wide variety 
of sublethal insults and is associated with certain characteristic changes in the 
inflamed  tissues.  Enhanced  vascular  permeability  is  one  manifestation  of 
vascular injury and may be measured by observing the exudation of protein- 
conjugated  dye  (1,  2).  Change  in  the  endothelial  surface is  another  conse- 
quence of injury and  can be determined by observing leucocytes sticking to 
endothelium and the emigration of white cells through the injured vessel wall 
(3,  4).  Many  substances have been investigated for their  ability to  initiate 
these and other pathologic alterations associated with inflammation.  Although 
the pharmacologic activities of many of these agents have been extensively in- 
vestigated, their role in causing leucocyte sticking and emigration has either 
not been thoroughly explored or remains obscure. Furthermore, in spite of the 
fact  that  certain  "mediators  of inflammation"  have  been  demonstrated  in 
injured tissue, it has not been possible to ascertain their precise function in the 
pathogenesis of the lesion from which they have been isolated. Finally most of 
these substances produce immediate reactions  and  are rapidly inactivated  or 
removed after injection in acute experiments.  It is difficult  to determine from 
such studies what function these agents may serve in sustained inflammation 
(5). 
The  leucocyte has  been  recognized  as  a  fundamental  participant  in  the 
pathogenesis of inflammation since the middle of the 19th century (6). It has 
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been shown that white blood cells are an essential component of the Shwartz- 
man phenomenon (7) and Arthus reaction (8, 9). Their exact role in mediating 
these  inflammatory reactions  has  not  been  elucidated.  On  the  other  hand, 
leucocytes have been clearly implicated as the source of a  pyrogenic material 
capable of inducing fever in animals, and  the  role  of leucocytic pyrogen has 
been extensively investigated in several experimental models (10-12). 
It is the purpose  of this study to  demonstrate  the capacity of viable poly- 
morphonuclear leucocytes to liberate in vitro a  substance (or substances) which 
induce both  a  slowly developing inflammatory reaction and fever in rabbits, 
and to study the relationship between these two responses. 
Methods and Materials 
General.--Female New Zealand rabbits weighing 3.0 to 4.0 kg were used as donors of white 
cells and recipients of materials for determination of fever and vascular permeability. Rabbits 
in which fever studies were conducted had been rendered tolerant to endotoxin by the daily in- 
tramuscular injection of 0.010 mg of lipopolysaccharide from Salmonella typhosa 0901 (Difco 
Laboratories, Detroit) suspended in 1.0 ml of pyrogen-free saline. Tolerance was demonstrated 
by the failure of these rabbits to respond with biphasic fever to 0.005 mg of llpopoysaccharide 
given intravenously. Rabbits in which ear chambers were inserted were of long-eared breeds 
(giant chinchilla, California, or mixed breeds). Both males and females of varying weights were 
used for this purpose. 
Glassware, needles, and other materials which were to be used in the preparation or injec- 
tion of test materials were sterilized by dry heat at I?0°C for 150 minutes to inactivate pyro- 
gens (13). Pyrogen-free, sterile polyethylene tubing (Clay-Adams Inc., New York) was used in 
the injection  of ear chambers. Parenteral sodium chloride (Baxter Laboratories, Morton Grove, 
Illinois) was used as pyrogen-free saline (PFS). Eagle's minimal essential medium (Microbio- 
logical Associates, Bethesda) for suspension  culture (without calcium  ions) containing  balanced 
salts, vitamins, dextrose,  and 13 amino acids (14) was used as well as PFS as a suspension me- 
dium in certain experiments. Mhnimal essential medium (MEM) was buffered with NaHCO8 
at pH 7.1-7.2 after addition of 0.02 per cent glutamine. Both PFS and MEM were tested for 
possible pyrogen contamination by intravenous injection of 5 ml in normal rabbits and were 
shown to be pyrogen-free.  Materials which were to be injected into rabbits were first cultured 
at 37°C for at least 5 days aerobically in nutrient broth or brain-heart infusion medium, and 
anaerobically  in thioglycolate broth to insure sterility. 
Exudates and Preparation of Leucocytes  for Incubatlon.--Granulocytes  were obtained by the 
method of Ponder and Maclcod  (15) as modified by Collins and Wood (16). This method pro- 
duced a peritoneal exudate containing  more than 90 per cent polymorpbonuelear  leucocytes, as 
had been previously demonstrated (16). Three-hundred to 400 ml of PFS was injected intra- 
peritoneally into New Zealand rabbits along with 10,000 units of pen6nin, 125 mg streptomy- 
cin sulfate, and 1.2 mg of pyrogen4ree glass beads (0.1 mm in diameter, Minnesota Mining & 
Mfg. Co., St. Paul). Sixteen to 17 hours later the rabbits were sacrificed and the peritoneal fluid 
immediately harvested aseptically. Approximately 150 ml volumes of fluid were added to iced 
flasks each containing 5 ml of 10 per cent Na EDTA in PFS. EDTA had been previously neu- 
tralized with NaOH and autoclaved. The pooled harvest, which varied from 250 to 550 ml and 
represented 2 to 5 donors, was strained through sterile gauze. The white cell count was deter- 
mined with ordinary  white cell pipettes and counting chambers before dividing the pooled exu- 
date into 40 ml tubes for centrifugation. Following centrifugation at 200 g at 0°C for 15 min- 
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the same type of medium in which they were to be finally incubated. Centrifugation in the 
washing process was identical with the initial treatment of the exudate. 
Suspension and Incubation of I_zucocytes.--Washed leucocytes were finally suspended in ei- 
ther PFS or MEM in a concentration of 8 X  10  T  cells/ml based on the initial count of the exu- 
date since repeat counts showed negllbible loss of cells through centrifugation. Viability counts 
of the cells in the final suspension were made just prior to and after each incubation by drawing 
the white cell suspension to the 0.5 mark of white cell pipettes and then diluting to the 1.1 mark 
with 0.05 per cent eosin in MEM  (17). Dead cells took up the stain and could be observed 
readily in the counting chamber with the aid of a green glass falter. Another sample was usually 
prepared as a wet mount for observation of cell morphology under phase microscopy. Suspen- 
sions of cells were placed in pyrogen-free spinner flasks (Belco Glass Inc., Vineland, New Jer- 
sey) in volumes of 9 to 15 ml. When MEM was used as the medium the air space above the 
fluid was replaced with a mixture of 6.5 per cent carbon dioxide and 93.5 per cent oxygen. In- 
cubation was carried out at 37°C for 5 hours unless otherwise stated. Following incubation, and 
after sampling again for viability counts and morphology of the cells, the suspension was cen- 
trifuged at 1200 g at 0°C for 10 minutes. The supernatant fluid was aspirated, cultured, and 
then stored at --20°C. Tins supernatant material will be referred to hereafter as "granuiocytic 
substance" (GS). The cells were either discarded or in some experiments resuspended for incu- 
bation under different conditions. In some experiments an additional viability count was clone 
after 90 minutes of incubation. 
Preparation of Lymphocytesfor IncubaCion.--In a few experiments lymphocytes were used in- 
stead of granuiocytes. Donor rabbits from the same stock employed for peritoneal exudates 
were used and each was given 15 ml of evaporated milk by garage prior to surgery. Three hours 
later anaesthesia was induced with sodium pentobarbital and the neck was incised to expose the 
left jugular vein and trachea. After tracheostomy and insertion of a tracheal tube, 1~ inches of 
the jugular vein was isolated from the surrounding tissues distal to the entrance of the left sub- 
clavian vein. The method of Sanders eta/. (18) for indirect cannuiation of the thoracic duct was 
followed. All branches of the jugular vein were ligated and divided. The subclavian vein was 
also llgated at its distal end. Ligatures were placed around the jugular vein between the supe- 
rior mediastinum and the entrance of the thoracic duct and at the level of the third tracheal 
ring. Fifteen hundred units of heparin sodium  (Upjohn Co., Kalamazoo, Michigan) was in- 
jected into the marginal vein of the right ear and the jugular ligatures were closed.  An opening 
in the jugular vein was made aseptically and a sterile polyethylene catheter threaded to the 
level of the entrance of the thoracic duct. The eannula was secured by a ligature around the 
vein proximal to its entrance into the vein. Lymph was collected in iced serology tubes contain- 
ing 0.1 ml of 10 per cent Na EDTA per 3 ml of lymph, the same concentration used for perito- 
neal exudates. The initial centrifugation to sediment cells was carried out at 250 g. All other 
steps in preparation of lymphocytes for incubation were identical with those for granulocytes, 
and the supernatant fluid was handled as described for GS. 
DetorminaHon of Leucocyte  Sticking and Emigration and the Inflammatory Index.--Leucocyte 
sticking and emigration were observed in plastic ear chambers containing newly formed tissue 
5 to 10 weeks after insertion of the chamber. The technique for insertion of the Sandison-Clark 
rabbit ear chamber has been described elsewhere (19, 20). The chamber used is a further modifi- 
cation of a chamber designed by Sanders (21). The principal change is the introduction of a 
stainless steel valve which can be opened to the tissue and through which test materials can be 
injected onto the tissue with a  minimum of manipulation and without trauma. The ear cham- 
ber is diagrammed in Text-fig. 1. Material was drawn into a  tuberculin syringe connected to 
polyethylene tubing to which a removable metal adapter was  fitted. The solid metal plug in 
the valve of the chamber was removed, and the valve was first rinsed with PFS before it was 
opened to the tissue by turning 180  °. The valve was then filled  aseptically with the test ma- 60  PATHOGENESIS  OF I_NFLAM%~ATION.  I 
terial before the adapter was inserted into the open valve. The volume injected was controlled 
by a syringe microburet (model SB2, Micro-Metric Instrument Co.. Cleveland). A volume of 
0.005 to 0.006 ml was  injected and was suftident to cover the entire tissue over the central 
table. All observations were made by fight microscopy prior to and  10,  30,  60, 90, and  120 
minutes after injection. Rabbits were unanaesthetized, having been previousiy trained to re- 
TEXT-FIG. 1. Schematic representation of the ear chamber. The chamber is held in the ear 
by means of 3 screws which join the transparent plastic supporting ring, A, and the chamber 
base, C. A mica coverslip, B, rests on buffers (Bu) between the ring and base creating a space 
over the central table (CT)  into which new tissue grows from the intact peripheral tissue (T). 
The chamber is injected by means of a  holIow adapter which connects to the steel valve, E, 
after removal of the solid metal plug (SP).  The valve is shown in the open position in diagram 
F.  Fluids injected through the valve enter the tissue by way of a  depression or well (W) in 
the central table. The location of the chamber relative to the central artery (CA)  and marginal 
vein (MV) of the rabbit ear is shown in a top view, D, the position in which observations of the 
tissue are made. 
main quiet while restrained during observations. In almost all cases the same rabbit ear cham- 
ber and the same representative venules were observed in testing a  given lot and its control 
materials. 
Although vascular tone, blood flow, and all stages of leucocyte sticking and emigration were 
recorded for the entire tissue observed, actual quantitation of sticking was limited to two seg- 
ments of representative venules approximately 60 micra wide and 800 micra long. The numbers ft.  M'.  M'OSES~ R.  H.  ]gBERT~ R.  C.  GRAHAM~ K.  L.  BRINE  61 
of ceils firmly sticking to the endothelium of the venuiar segments could easily be counted up 
to 100. Values exceeding 100 were tabulated as 100 because counts above this number could 
not be made accurately. The degree of emigration was quantitated by evaluating the reaction 
in the entire tissue overlying the central table of the chamber. Predetermined numerical values 
were assigned to various degrees of leucocyte emigration (see Table H). Both the magnitude 
and extent of emigration were considered in the scoring. The sum of the mean number of cells 
sticking (2 venular segments, up to 100 cells) plus the score for emigration was plotted on graph 
paper against time with 0.5 mm per unit of reaction on the ordinate and 0.1 mm per minute on 
the abscissa. The area beneath the curve was measured with a compensating planimeter (Keuf- 
fel and Esser Co., model 4236M) and the value expressed in units read directly from the planim- 
eter. This value was called the inflammatory index. PFS, MEM, or a  non-active control ma- 
terial was injected into the chamber between doses of active materials to insure the "stability" 
of the chamber. False positive reactions were not encountered. The order of injection of any 
series representing different materials from the same lot of cells, was varied from experiment to 
experiment with active materials given first in some experiments and last in others. The order 
of injections did not appear to alter the results. When an injection resulted in a reaction, ceils 
which had emigrated from vessels were allowed to be completely cleared from the tissue before 
injection of the next test material. This sometimes required 48 hours. The interval between in- 
jectious was never less than 24 hours even when the preceding injection did not incite an inflam- 
matory response. 
Determination of Enhanced V~cular Permeabili$y.--Increased vascuiar permeability was de- 
termined by observing the leakage of a protein-bound dye into the site of an intradermal injec- 
tion of test material. Pontamine sky blue (E. I. DuPont De Nemours, Inc., Wilmington, Dela- 
ware) which conjugates with plasma protein (22), was suspended in a concentration of 5 per cent 
in 0.075 M pyrogen-free NaC1.  Thirty minutes after the intradermal injection of several dilu- 
tions of test materials into New Zealand rabbits, 1.2 ml/kg of dye suspension was injected in- 
travenously. The volume of intradermal injection was always 0.1 ml, and the shaved skin of the 
back was used. As many as 28 intradermal injections could be made in a single rabbit, and 2 
rabbits were injected with the same materials. The active materials as well as control materials 
from the same lot were tested in the same rabbits. Five serial twofold dilutions of each test ma- 
terials were made in PFS, and all injections were coded. The sites of injection were observed by 
one of us without knowledge of the code. The diameter in millimeters and the intensity of each 
blue spot were determined at 45, 60, 90, and 120 minutes after intradermal injection. Any di- 
ameter less than 5 mm was recorded as zero  because such spots could not always be distin- 
guished from artefacts due to shaving or other trauma. Permeability was scored as the recipro- 
cal of the highest of two consecutive dilutions of test material which gave a positive reaction 
(a blue spot 5 mm or greater). For purposes of consistency in terminology in this paper,  the 
score was termed "permeability index". When discrepancies in the permeability index between 
pairs of rabbits injected with the same material occurred, the higher score was used to describe 
that material. If a positive reaction did not occur at 90 minutes or earlier, it was considered 
negative regardless of its size at 2 hours. 
Determination of Fever and the Fever Index.--Temperatures  were obtained rectally in New 
Zealand rabbits in an air conditioned room with a temperature variation of less than 4-1.5°F. 
Rabbits were restrained in wooden boxes with openings for the head and tail. Rectal thermis- 
tors were connected to a  telethermometer (Yellow Springs Instrument Co., Yellow Springs, 
Ohio) and a selector switch of an automatic 12 channel recorder (Leeds &/qorthrup, Co., Phila- 
delphia). Temperatures were automatically recorded for each animal every 48 seconds on a 
chart with a scale of 0.84 inch per degree centigrade and a paper speed of 2 inches per hour. 
After a period of stabilization of at least 90 minutes to establish baseline temperatures, 5 ml 
of test substance was injected intravenously, and the temperature was recorded for 5 additional 62  PATt~OGENESIS  OF INFLA~rMATION. I 
hours. A group of 5 tolerant rabbits which had previously been trained for fever determination 
was used throughout, and usually only one rabbit was tested with a single lot of material. In 
almost all cases, the same rabbit was used to test the active material as well as control materials 
of a single lot by injecting on different days. The varied order of injections described for the ear 
chamber experiments was also followed in fever determinations. 
The fever index (23) was determined by measuring the area under the 5 hour curve in- 
scribed by the automatic recorder using the compensating  planimeter, The value was expressed 
in units read directly from the planimeter. 
RESIILTS 
The Response to Saline in the Ear Ckamber.--Before an ear chamber was con- 
sidered  suitable for use in any experiment it was repeatedly injected with py- 
rogen-free saline  (PFS).  The initial  injection  usually  produced  a  significant 
reaction,  but  the  reaction  subsequently  diminished  and  was  eventually 
negligible. These reactions were thought to be the result of residual debris in the 
well of the chamber following surgery. A few chambers even after several in- 
jections of PFS  continued  to react after injection.  If, after a  series of saline 
injections, the inflammatory index was consistently 30 or greater, the chamber 
was rejected for use in definitive experiments. The greatest response to PFS in a 
"saline-stabilized"  chamber  was  an  early transient  arteriolar  dilatation  and 
rolling (transient sticking) of a few white cells along the endothelium within the 
first  15  minutes  after  injection.  Fixed  leucocyte  sticking  was  unusual  and 
IDJnlrnal when it occurred. A late reaction to saline did not occur in stabilized 
chambers during  the 2 hour observation period.  In 24 experiments in which 
saline was injected into  chambers after stabilization the mean inflammatory 
index was 14. In 13 of the 24 experiments the inflammatory index was 0, and 
the maximum response was equivalent  to an inflammatory index of 70  (one 
experiment). The response to minimal essential medium ('MEM) was similar 
to that of pyrogen-free saline. 
The Response to Granulocytic Substance in the Ear Chamber.--Many chambers 
had occasional leucocytes rolling in some venules before injection. The presence 
of a few scattered cells rolling initially was unrelated to the magnitude of the 
response to test materials. To test the reproducibility of a response to material 
of given potency, each of 4 different lots of granulocytic substance  (GS) was 
injected into two chambers, and the inflammatory index was compared in the 
duplicate experiments. The results shown in Table I  were subjected to analysis 
of  variance  (24).  The  differences  in  inflammatory index  due  to treatment 
variation (different lots) were highly significant (P -- 0.005), and a difference 
between treatment means (IIM in Table I) in paired experiments greater than 
an inflammatory index of 344 was significant at the 5 per cent level. It is ap- 
parent from this analysis that variation in the inflammatory index was primarily 
a  reflection of the variable potency of the lots and not due to inconsistencies 
in the method. There was remarkable reproducibility of response to a  single 
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Eighteen lots of granulocytic substance were tested in the chamber. Three 
lots were totally inactive (inflammatory index less than 7). The mean inflam- 
matory index of the remaining 15 lots was 715  with a  range of 116 to 1515. 
The earliest detectable reaction was always the appearance of rolling cells or an 
increase in  the number of leucocytes rolling along endothelium.  Character- 
istically this change began within the first 15 minutes after injection but ap- 
peared earlier or later depending on the magnitude of the subsequent reaction. 
All manifestations of inflammation appeared earlier in large reactions and the 
converse was true of small reactions. Usually rolling reached its maximum at 
TABLE I 
Comparison of the Response to Random Lots of Granulocyfi¢ Substance in Duplic~e 
Experiments in Di~erent Ear Clmmbers 
GS lot No.  Rabbit chamber No.  II*  IIM$ 
9  791 
12 
1,3 
14 
536 
532 
610 
614 
610 
637 
637 
612 
818 
764 
316 
274 
,589 
820 
214 
159 
295 
709 
187 
* I~flammatory index. 
Mean inflammatory index for lot ("treatment mean," see text). 
30 minutes and had subsided at 60 minutes. However, later as fixed sticking of 
leucocytes decreased, rolling cells reappeared. Fixed sticking, defined as leuco- 
cytes adhering firmly to the endothelium, usually appeared after 30  minutes 
and characteristically reached its maximum at 60 to 90 minutes after injection. 
Frequently fixed sticking had decreased at 2 hours. This decrease was usually 
accompanied by a  secondary increase in the number of rolling cells. In larger 
reactions fixed sticking persisted for 120 minutes or more. Emigration of leuco- 
cytes appeared as fixed sticking approached a peak in most experiments but in 
small reactions emigration was often not observed. When more than 100 cells 
were sticking in a  representative segment of venule, emigration was usually 
readily apparent. Once cells had accumulated outside of vessels, their number 
did not noticeably decrease during the entire period of observation. The earliest 
localization of emigrated leucocytes was focal, perivascular, and limited to the 
area around larger venules. In the usual experiment these cells remained pre- 
dominantly perivascular but eventually also appeared in the tissue space be- 64  PATHOGENESIS  OF IIVFLAMIHATION. I 
tween large veins probably as a result of migration away from venules as well 
as emigration from smaller vessels. In addition the extravascular accumulation 
of leucocytes usually progressed from a  focal to  a  generalized phenomenon 
during  the  period  of  observation.  In  very  large  reactions  a  generalized, 
homogeneous emigration which was no longer predominantly perivascular ap- 
peared within 2 hours. Table II defines the numerical scores for the various 
stages of leucocyte emigration which could be recognized and which were used 
in graphing the response for determination of the inflammatory index. Text-fig. 2 
shows the mean inflammatory index for 15 experiments and the two components 
of the reaction (fixed sticking and emigration) which contribute to its quantita- 
TABLE II 
Scores for Degrees oar Leukocyt@ Emigration Used in Determining InflammatoT , Index 
Stage  Appearance  Numerical 
score 
Earliest detectable, perivascular,  focal 
Perivascular, focal in >~ of tissue 
Predominantly perivascular, contiguous between adjacent vessels  in 
< ~  of tissue 
Same as stage 3 but in > ~  of tissue 
Homogeneous,  confluent in <~ of tissue 
Same as stage 5 but in >~ of tissue 
"Massive," homogeneous,  generalized 
50 
100 
150 
200 
250 
300 
4OO 
tion. Several of the changes seen in the ear chamber after injection of granulo- 
cytic substance are shown in Figs. 1 to 3. 
In addition to the changes involving leucocytes, alterations in vascular tone 
were observed.  The injection per se occasionally produced a  transient  early 
arteriolar dilatation  within 5  minutes.  This change was not marked and  oc- 
curred with PFS, MEM, and other non-active materials. Dilatation associated 
with an active test substance either slightly preceded or coincided with the onset 
of fixed leucocyte sticking in many experiments,  (see Fig.  1).  It usually per- 
sisted until sticking had subsided or the onset of the second phase of increased 
rolling.  Arteriolar dilatation  was  absent  in  small  reactions and  even in  the 
largest reactions extreme dilatation,  as seen following histamine was not ob- 
served. 
The Intradermal Response to Granulocytic Substance.--Sixteen lots of GS were 
tested intradermally for their capacities to increase vascular permeability. In 
addition  to  granulocytic substance  and  various  control materials  to  be  de- 
scribed, 0.002 rag of histamine dihydrochloride in 0.1  ml of saline and 0.1  ml 
of PFS or MEM alone were often injected. A total of 38 rabbits were injected 
with PFS or MEM and none developed a positive reaction during the 2 hours j.  M.  MOSES~ R.  H.  EBERT~  R.  C.  GRAHAM~ K.  L.  BRINE  65 
of  observation.  In  15  preliminary  experiments  0.002  nag  of  histamine  con- 
sistently produced a  positive reaction when the dye was injected prior to the 
intradermal injection.  The typical reaction consisted of an intense blue halo 
which usually became a  large solid stain after 15 minutes.  In 11  subsequent 
experiments in which granulocytic substance was also tested and the dye was 
injected 30 minutes after the intradermal injections only 5 of the 11 rabbits de- 
veloped a positive reaction to histamine. The size and intensity of these hista- 
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Tzxz-Flo. 2.  Derivation of the mean inflammatory index for 15 injections of granulocytic 
substance. The solid line joins the points representing the sum of the mean number of cells 
firmly sticking to endothelium (FS) plus the mean score for the degree  of emigration (E). The 
area under this curve (H) represents the inflammatory  index, which in this case is 715. 
mine reactions was considerably less than that in animals dyed before intra- 
dermal injection. 
Of the 16 lots of granulocytic substance tested 3 were unreactive in the skin. 
The mean permeability index for the 13 remaining lots was 11.2 with a range of 
I  to  32,  the  highest  possible score since lots  were not  diluted  beyond  1:32. 
In paired responses to a given lot there were often discrepancies of one and oc- 
casionally even two dilutions between the reactions of the 2 rabbits tested. The 
reaction to the undiluted  GS consisted of a moderately intense solid blue spot 
of about 8 mm in diameter at 2 hours. Reactions as large as 12 mm with intense 
staining were occasionally seen. Halos were never observed. In most of the ex- 
periments increased permeability was not evident until 60 minutes after intra- 
dermal injection although in a few experiments it was present at 45 minutes. It 
was usually fully developed by 90 minutes and increased very little thereafter. 66  PAT~OGEN~SIS  OF INFL~ATION.  I 
The Febrile Response to Granulocytic Substance.--Eighteen  lots of GS were 
injected intravenously for fever determinations.  The 5  ml dose consistently 
produced a monophasic fever except for one experiment in which there was a 
pleateau between  120  and  135  minutes  after injection suggesting  a  biphasic 
curve. In  2  experiments the maximum  temperature elevation was  less  than 
0.5°C and the significance of this fever was questioned. However, since PFS, 
MEM, and other non-active control materials produced no elevation, these two 
results were considered to be evidence of minimal activity. The latent period 
between injection and rise in rectal temperature could be determined precisely 
~ I'0  I 
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TsxT-Fzo. 3.  Mean fever curve for 18 injections of granulocytic substance. The arrow indi- 
cates the time of injection. The area beneath the curve establishes the fever index which in this 
case is 188. Note the short latent period between the time of injection and the rise in tempera- 
ture, and the peak fever which occurs at 1 hour. 
because of the frequency with which the temperature was recorded. The mean 
latent period was 10.4 minutes with a range of 8 to 12 minutes. Eleven of 18 
determinations had a latent period of 10 minutes. The maximum temperature 
elevation was quite variable with the greatest value being 1.8°C.  The time of 
appearance of maximum fever was more constant with a mean of 61.7 minutes 
after injection and a variation from the mean of less than 10 minutes in all but 
2 experiments. The mean fever curve is shown in Text-fig. 3. The mean fever 
index was 188. 
Heat Stability  of Crranulocytic Substance.--The likelihood that granulocytes, 
under  the  conditions  of these  experiments, liberate  several  substances  with 
specific biological activities is not inconsistent with previous investigations (25) 
as well as the results presented. In order to explore further the possibility that 
fever and inflammation might, however, result from the action of a single sub- J.  M.  MOSES~  R.  H.  EBERT,  R.  C.  GRAHAM,  K.  L.  BRINE  67 
stance and to compare the properties of such a  material with previously de- 
scribed inflammatory agents and leucocyfic products, a  series of experiments 
was undertaken to determine the heat stability and  conditions necessary for 
liberation of granulocytic substance. 
Several lots of GS were heated at 56°C for 30 minutes or 20 hours, and at 
85°C for 30 minutes. In some experiments aliquots of the same lot were sub- 
jected to two or three of these treatments. The activity of the untreated GS 
was compared with that of the heated material in the ear chamber and the skin. 
The results are shown in Table III. The effect of prolonged heating at 56°C 
The Effect  of Heat on the In 
II* 
GS  ~'~ 
295  0 
710  95 
627  60 
430  50 
460  24 
Mean 504  46 
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64  ?! 
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8  4  50 
4  :  2  50 
I  i 
7  i  4  43 
* ~-~Amm~tory index. 
Permeabi]ity index. 
§ Per cent  inactivation. 
was similar to that of the higher temperature for a brief period with mean in- 
activations of 89 and 92 per cent respectively when tested for ability to induce 
sticking and emigration. The reduction in permeability index was 96 per cent 
when heated at 56°C for 20 hours and 94 per cent at the higher temperature. 
Heating at 56°C for only 30 minutes resulted in a  more variable change in 
inflammatory activity ranging from no inactivation to complete inactivation. 
The degree of reduced activity correlated poorly with the potency of the un- 
treated material. However, these data, as a whole, clearly indicate a much more 
moderate degree of inactivation  when  compared  to  the  more vigorous heat 
regimens. A few lots of GS were subjected to all three heat regimens and were 
injected intravenously to  compare their effects with the pyrogenicity of un- 
treated granulocytic substance. The extent of pyrogen inactivation at 85°C for 
30 minutes and 56°C for 20 hours paralleled the findings for inflammation and 
was consistent with the more extensive studies of leucocytic pyrogen by other 68  PATHOGENESIS  OF  INFLAMMATION.  I 
investigators (26-28). In the 3 fever experiments in which heating at 56°C for 
30 minutes was investigated, the results showed complete inactivation, a signifi- 
cant increase, and no significant change from the activity found with the un- 
treated aliquots of granulocyfic substance. 
The  Effect  of  Alteration  of  Incubation  Temperature  on  the  Production  of 
Granulocytic Substance.--Because  the effects of heat on both the pyrogenic and 
inflammatory activities of preformed granulocytic  substance  were similar,  it 
seemed appropriate to determine if differences in the conditions for production 
of materials with either of these activities could be demonstrated. Exudate ceils 
TABLE  IV 
Effect of Altered Incubation Temperature on Production of Granulocytic Substance and 
its Rdationship  to Cell Viability 
GS lot 
No. 
4 
6 
9 
12 
Mean. 
Viable cells 
Preincub. 
4oc 
per cent 
97 
94 
99 
97 
97 
Posfincub. 
37oc1[ 
per cen~ 
95 
90 
77 
95 
89 
4°C  [  37°C 
per cent 
95 
92 
80 
97 
per Ce~| 
46 
34 
16 
50 
37 
4oc 
0 
62 
0 
0 
Activity of  supernatant 
Pit 
37°C  4°C  37°C 
8 
16 
8 
10.7 
FI§ 
91 
II* 
16 
353 
840 
818 
295 
0 
0 
0 
562 
4oc  37oc 
0  141 
0  330 
0  190 
0  195 
0  214 
* Inflammatory index. 
2~ Permeability index. 
§ Fever index. 
[[ Cells reincubated at 37°C for 5 hours after incubation at 4°C. 
were  treated  in  the  usual  manner  and  suspended  in  PFS  at 4°C  in  spinner 
flasks. Viability counts were obtained before and after 5 hours of incubation at 
this temperature. The supernatant fluid was removed and the cells resuspended 
for further incubation for an additional 5 hours at 37°C. The supernatant fluids 
of the  same cells incubated  at  these  two  temperatures  were compared.  The 
results of 4 such experiments are shown in Table IV. There is no loss of viability 
when cells are maintained in saline at 4°C and the supernatant fluid is entirely 
inactive when tested for its ability to induce leucocyte sticking and emigration, 
enhanced permeability, or fever. The reincubated cells at 37°C show a  signifi- 
cant loss of viability after 5 hours but produce granulocytic substance with the 
usual variation in activity observed in other experiments. As was the case in all 
foregoing experiments, cells which stained with eosin remained morphologically 
intact  and  there  was  no  apparent  release  or  disintegration  of  intracellular J.  M.  MOSES,  R.  H.  EBERT,  R.  C.  GRAHAM,  K.  L.  BRINE  69 
granules in these cells. The granules of unstained cells continued to show move- 
ment after incubation. 
The previous experiments suggested two possibilities: (a) The production of 
GS is temperature dependent, or (b) the production of GS is associated with the 
death of cells which occurs at 37°C but not at 4°C. In order to exclude the latter 
possibility, cell suspensions  were divided into  two aliquots.  One aliquot  was 
incubated  at 37°C  while  the other was incubated  at  56°C  for 30 minutes,  a 
treatment which rarely completely inactivates preformed GS. The supernatant 
fluid  was removed from the heated  suspension  and  the  cells resuspended  in 
TABLE  V 
The Effect of Heating  Cdls on the Production of Granulocytic Substance and its Relationship  to 
Cell Viability 
Viable cells  Activity of supernatant 
GS lot  No.  Preincub.  Postlncub.  II*  PI$  FI§ 
37°C  56-37°C 
5 
13 
14 
22 
Mean. 
37oc  56-37ocll 
per ce~  per cent 
96  0 
98  0 
94  0 
97  0 
96  0 
37°C  56-37°C 
per c¢~  per cent 
75  0 
64  0 
85  0 
41  0 
66  0 
828 
710 
214 
460 
528 
4 
0 
0 
0 
37°C  56-37°C 
16  1 
1  0 
16  1 
11  0.67 
37oc  56-37oc 
286  0 
401  0 
89  0 
160  0 
234  0 
* Inflammatory index. 
Permeability index. 
§ Fever index. 
]l Cells incubated at 37°C after prior "incubation" at 56°C for 30 minutes. 
saline for further incubation at 37°C for 5 hours. The initial incubation at 56°C 
resulted in death of 99 to  100  per cent of the cells. Almost all of these cells 
appeared  to have intact  membranes by phase microscopy, and  intracellular 
granules were immobile. The supernatant fluid of the incubation at 56°C was 
entirely inactive in producing inflammation and fever. The results of 4 experi- 
ments  are  shown  in  Table V  in  which  the  data  for  the  supernatant  of the 
aliquot incubated at 37°C alone is compared with the supernatant of the dead 
cells incubated at 37°C. The data indicate that cells which are heat-killed do not 
produce granulocytic substance in significant amounts. In 2 experiments the un- 
diluted  material showed minimal activity in the skin  I but in all experiments 
was entirely inactive when injected in the ear chamber and intravenously for 
1 This activity was attributed  to the low pH of the supernatant  of incubated dead cells 
and in one instance neutralization obliterated the activity of this material in the skin, 70  PATHOGENESIS  OF  INFLAM3~ATION. I 
fever. The results of the experiments in the last two sections are compared in 
Text-fig. 4. 
The Effect  of Alteration of Incubation Medium on the Production  of Granulo- 
cytic  Substance.--The  previous experiments suggested  that  viable  cells were 
necessary to produce significant amounts of granulocytic substance and that the 
release of this material was temperature dependent. Since saline does not sup- 
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TEXT-FIG. 4.  Comparison of the activity of granulocytic substance from the incubation of 
cells killed by heating at 56°C for 30 minutes with that of preformed granulocytic substance 
heated in the same manner. (One of two values for preformed granulocytic substance shown as 
100 per cent was actually greater.) H, inflammatory index; PI, permeability index; FI, fever 
index. 
port the viability of all cells suspended at 37°C for 5  hours it seemed logical 
to determine if the potency (or quantity) of GS could be enhanced by incuba- 
tion in a more physiologic milieu. Exudate cells were divided into two aliquots 
and incubated separately in PFS and MEM at 37°C. There was almost no death 
of cells during the 5 hour incubation period in MEM. The results are shown in 
Table VI. There was no consistent difference in the activities of supernatants 
from cells incubated in the two media. However, in 3 of the 5 experiments the 
response to material obtained from incubation in MEM caused considerably  more 
reaction in the ear chamber than the comparable GS from saline incubation. 
These reactions were early in onset as were reactions in the skin which demon- 
strated enhanced permeability at the first reading 45 minutes after injection. In J.  M.  MOSES 3  R.  It.  EBERT~  R.  C.  GRAHAM~  K.  L.  BRINE  71 
addition,  in 1 of these experiments (lot 21),  the fever index correlated poorly 
with  the  large inflammatory index.  Three  additional  experiments  were per- 
formed in which cells were incubated in MEM but not compared with aliquots 
of the same lot of cells incubated in saline. Although the reactions in the ear 
chamber  and  after intravenous  injection  were  unremarkable  in  these  latter 
experiments,  early enhancement of permeability was evident.  In one experi- 
TABLE  VI 
The Effed of Physiologic Medium on the Production of Granulocytiv Substanve and its 
Relat~onshlp to Cell Viability 
Viable ceils  Activity of supernatant 
GS lot  No.  Preincub.  Postlncub.  FI§ 
PFS 
5 
6 
9 
9A 
21 
~¢~ean. 
12 
13 
14 
PFSII  MEM¶ 
,er cent  per cent 
96  96 
97  98 
77  94 
94  95 
98  98 
92  96 
--  95 
--  98 
94 
PFS  MEN£ 
per cent  per cent 
75  94 
55  97 
16  93 
70  94 
60  93 
55  94 
--  94 
89 
--  94 
828 
116 
818 
172 
430 
475 
II*  PI$ 
MEM  PFS  MEM 
1539  --  32 
0  0  0 
1516  16  8 
200  -- 
1170  32  32 
885  16  18 
295  --  8 
710  --  16 
214  --  1 
PFS  M~M 
289  285 
179  33 
190  150 
0  0 
150  32 
162  100 
--  195 
401 
89 
* Inflammatory index. 
Permeability index. 
§ Fever index. 
I[ Cells  incubated in pyrogen-free saline. 
¶ Cells  incubated in minimal essential  medium. 
ment, the dye was given prior to the intradermal injection and compared with 
the reaction to the same material in a  pair of rabbits dyed at the usual time. 
In the former, both rabbits had blue spots within 15 minutes while in the latter 
the injection site was not stained until 60 minutes. 
The Effect  of Potassium  Ions  on the Production  of Granulocytic  Substance  in 
Saline.--Since  it had been demonstrated by others that potassium ions inhibit 
the release of leucocytic pyrogen from cells incubated in saline (29), the results 
of  the  preceding  experiments  using  a  medium  containing  5.4  mEq/liter  of 
potassium were surprising.  It seemed reasonable to duplicate  the previously 
reported experiments to confirm the findings and also to ascertain if potassium 
would inhibit the inflammation-inducing as well as the pyrogenic properties of 72  PATHOGENESIS  OF  INFLAMMATION.  I 
granulocytic substance when 5.4 m_M of KC1 had been added  to the saline in 
which cells were incubated. Exudate cells were divided into two aliquots and the 
cells incubated at 37°C for 5 hours in either PFS or PFS to which K + had been 
added.  In  this  series of experiments viability  counts  were  obtained  after  90 
minutes of incubation as well as immediately before and at the end of incuba- 
tion. The results are shown in Tables VII and VIII. There was greater mortality 
TABLE  VII 
The Effect of Potassium Ions on the Production of Granulocytic Substance in Saline 
GS lot  No. 
16 
18 
19 
21 
Mean ....... 
Activity of Supernatant 
PFSl] 
233 
516 
370 
430 
387 
II* 
PFS -b  K+¶ 
96 
0 
10 
32 
35 
PFS 
8 
16 
8 
2 
8.5 
PFS +  K + 
0.5 
PFS 
218 
207 
200 
150 
194 
FI~ 
PFS +  K + 
52 
72 
60 
28 
53 
* Inflammatory index. 
:~ Permeability index. 
§ Fever index. 
]] Cells incubated in pyrogen-free  saline alone. 
¶  Ceils incubated in pyrogen-free saline plus 5.4 mEq/liter of K +. 
TABLE  VIII 
The Effect o/Potassium on  Viability of Cells Irwubated in Saline 
GS lot  No. 
18 
19 
20 
21 
~Iean  ... 
Viable cells 
Incubation time 
0 mln. 
PFS*  PFS +  K+~t 
per cent  per ¢e.l 
96  97 
95  94 
95  92 
96  98 
96  95 
90 rain. 
PFS  PFS +  K + 
per ce.t  per ce.t 
73  83 
76  85 
77  88 
80  95 
77  88 
300 rain. 
PFS  PFS +  K + 
per cent  per ce~ 
25  5 
43  15 
4O  20 
60  40 
42  20 
* Cells incubated in pyrogen-free  saline. 
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at the end of the 5-hour incubation of cells in the presence of K +, but at the 
end of 90 minutes cell survival was greater than that for incubation in saline 
alone.  The  activity of the  supernatant  from incubations  in  the potassium- 
containing medium was consistently reduced in four experiments in which all 
three parameters were studied. 
The  Effect  of Disruption  of Leucocytes on the Rdease of Granulocytic Sub- 
stance.--The preceding series of experiments suggested that  the principle  (or 
principles)  endowing  GS with both inflammatory and pyrogenic activities was 
(were)  generated  under  very similar,  if not identical,  conditions.  The data, 
however, do not indicate whether the in vitro production results from a release 
of preformed intracellular contents or some other process such as synthesis or, 
as has been suggested for leucocytic pyrogen, "activation" (28). To eliminate 
the first alternative, cell suspensions  in saline  were divided into two aliquots. 
One aliquot was incubated in the usual manner.  The other was subjected to 
rapid freezing  in dry ice and thawing at 37°C three times. The cellular  debris 
was removed by centrifugation at 1200 g for 10 minutes and the supernatant 
was compared to that of GS obtained from incubation of the other aliquot of 
intact cells. Three such experiments were performed with identical results. The 
supernatant fluid of the cells disrupted in saline in 3 experiments was entirely 
inactive in producing inflammation and fever while the GS from the intact cells 
demonstrated the usual range of activity (inflammatory index 233-460; permea- 
bility index 8-32; fever index 160-218).  Repeated freezing and thawing of pre- 
formed GS did not reduce its activity and in fact may have enhanced the inflam- 
matory and pyrogenic activity. 
The Failure of Lympkocytes to Release Material Similar to C-ranulocytic Sub- 
stance.--Because  both inflammatory and pyrogenic substances have recently 
been described after extraction and/or incubation of a variety of tissues (30-33), 
an attempt was made to recover an active substance from lymphocytes treated 
in the same manner  as the granuiocytes in these experiments.  Lymphocytes 
were suspended in either PFS or MEM  for incubation at 37°C  for 5 hours. 
Cell survival in MEM was identical with survival of granuiocytes in MEM, but 
about 85 per cent of lymphocytes took up dye after 5 hours of incubation in 
PFS. Five supematant fluids obtained from 3 lots of cells (2 in both MEM and 
PFS) were entirely inactive in inducing fever and inflammation. 
DISCUSSION 
These  experi~nents  suggest  that  rabbit  granulocytes  liberate  a  substance 
which is capable of initiating  a  delayed response to injury, and offer one ex- 
planation for the maintenance of naturally occurring inflammation character- 
ized by leucocyte emigration.  The physiologic significance  of delayed inflam- 
mation is well exemplified  experimentally by thermal burns  (34).  When heat 
(54°C for 20 seconds) is applied to the skin of guinea pigs the response can be 74  PATHOGENIESIS  OF INFLAMMATION.  I 
separated into two components. The initial phase of the reaction is immediate, 
lasting 10 minutes, but can be completely inhibited by antihistamine without 
affecting the second phase which appears at about 1 hour. 
In the present studies  GS produced by the incubation of granulocytes in 
saline induces  a  response  which can be characterized  as a  slowly developing 
inflammatory reaction.  In  the  ear  chamber  fixed  sticking  of leucocytes  to 
endothelium rarely occurred before 30 minutes and did not reach its peak until 
60 minutes. Similarly  the appearance  of enhanced permeability in the skin 
usually was delayed until 60 minutes after injection, becoming fully developed 
at 90 to 120 minutes. The temporal aspects of the action of granulocytic sub- 
stance clearly distinguish it from rapidly acting mediators of inflammation such 
as histamine (35), leucotaxine  (36), bradykinin (37), PF/dil and other agents 
such as Hageman factor or Crl esterase thought to activate or liberate  poly- 
peptides  or  vasoactive  amines  (38-41).  Additional experiments  in  the  ear 
chamber and the skin of rabbits in which GS has been compared  with brady- 
kinin, histamine, and 5-hydroxytryptamine, reveal  characteristic qualitative 
differences in their activities as well (42). In the results presented,  a few experi- 
ments suggested a reaction which had elements of both an immediate and a 
delayed response.  In  these experiments  cells had been  incubated in MEM 
rather than saline. The explanation for the early onset of the reaction in these 
experiments is not clear and is being further investigated. One possibility is that 
enzymatic action during the process of incubation of cells in MEM has con- 
verted the histidine present in the medium to histamine. Although certain 
rabbit tissues are known to contain histidine decarboxylase, the presence of this 
enzyme  has not been demonstrated in rabbit granulocytes, and hence a mecha- 
nism for this possible conversion remains highly speculative. 
Granulocyfic substance  can be distinguished from other agents on the basis 
of its heat lability and the conditions necessary for its production. Leucotaxine, 
unlike GS, is stable to vigorous  treatment by heat (43). Similarly  bacterial 
endotoxin is heat-stable (26). In addition the reaction produced by endotoxin 
in the ear chamber  as well as the skin is considerably more delayed and pro- 
longed than that of GS when similar doses, based on equal pyrogenicity, are 
compared (44, 45). In these studies techniques to avoid the presence of plasma 
were maintained to prevent the possibility  of activating plasma kinins.  The 
possibility that plasma kinins were carried over from the peritoneal  exudate in 
spite of adequate washing  of the cells seems unlikely since the supernatant 
fluid  of  4°C  incubations  were  inactive,  and  the  physiologic  incubation  of 
similarly handled lymphocytes did not result in the production of GS. Further- 
more, preliminary experiments indicate that soy bean trypsin inhibitor fails to 
inactivate granulocytic substance, indicating that it is not a protease in contrast 
to certain known mediators of inflammation (38, 46, 47). The possible role of 
leucocyte granules and lysosomal enzymes were considered in these experiments. J.  M.  MOSES,  R.  H.  EBERT,  R.  C.  GRAHAM,  K.  L.  BRINE  75 
The  technique adopted for  centrifugation of  the  peritoneal  exudate would 
exclude free lysosomes from the cell suspensions before incubation (48, 49). 
Although careful granule counts were not done, there was no obvious degranula- 
tion of leucocytes during incubation. In addition, the failure of repeated freezing 
and thawing of granulocytes to confer activity to the supernatant fluid sug- 
gests  that the active principal  of GS is not simply a preformed  intracellular 
enzyme which is released during incubation. This finding is in agreement with 
those of others working with leucocytic pyrogen (28). The results of the above 
experiment seem valid since freezing and thawing of preformed  granulocytic 
substance did not cause inactivation. The participation of lysosomal enzymes 
in the formation or activation of granulocytic substance cannot, however, be 
excluded, and this possibility warrants further investigation.  The similarity of 
GS to inflammatory and pyrogenic  extracts of white cells and various other 
tissue extracts incubated in either saline or serum (30, 33) cannot be evaluated 
at present. The action of serum on the release of granulocytic substance has not 
been investigated as yet but may add pertinent information since it is known 
that serum inhibits release of leucocytic pyrogen (16) but seems to be essential 
to the activity of certain tissue extracts (30). 
The importance of investigating more than one parameter of inflammation 
has been emphasized. Since the mechanisms by which exudation and leucocytic 
emigration are  elicited  may not be  the  same,  and  the  mediators of  these 
phenomena may be quite different (50), it is important to study both reactions 
concomitantly. The value of the ear chamber as a means of observing leucocyte 
sticking and emigration is well known and has the great advantage over fixed 
tissue preparations of permitting a dynamic view of even the smallest reaction 
from its earliest stages. This method also proved to be of value in more precisely 
quantitating the  reaction in  chambers  "stabilized" before  use  in  definitive 
experiments.  A large  number of earlier  experiments  using  the ear  chamber 
failed to give reliable results because the importance of stabilization with saline 
and repeated testing with inert materials was not appreciated.  Evaluation of the 
magnitude of sticking and emigration in histological preparations of skin was 
even more difficult in our hands. By using dilutions of smaller increments, and 
greater numbers of recipients for intradermal testing it is anticipated that cor- 
relation of enhanced permeability and leucocyte emigration,  suggested by the 
present studies, may be further clarified. Such experiments will be possible when 
larger volumes of material of uniform potency are made available  by pooling 
individual lots of granulocytic substance. 
A third phenomenon,  namely fever, was investigated in the present studies. 
The dose of GS given systemically was calculated invariably to produce fever 
based on the experience of  others with  leucocytic pyrogen. Since  this  dose 
corresponds with the monophasic fever threshold, well above the linear portion 
of the dose-response curve described for leucocytic pyrogen (28, 51), quantita- 76  PATHOGEN-ESIS OF INFLAMMATION. I 
tion of potency by fever index was impossible.  2 Although this dose of pyrogen 
obviated the opportunity to  correlate fever index with  inflammatory  index, 
these studies confirm the identity of GS with leucocytic pyrogen and distinguish 
it from other pyrogenic agents. The magnitude and shape of the fever curve 
produced by intravenous GS are similar to those of comparable doses of leuco- 
cytic pyrogen (51). The heat lability of GS is indistinguishable from that of 
leucocytic pyrogen (26-28). Production of both GS and leucocytic pyrogen is 
temperature dependent, occurring at 37°C  but not at 4°C  (28). The finding 
that potassium inhibits the production of GS in  saline  is  consistent  with  the 
experience of Berlin and Wood in experiments with leucocytic pyrogen (29). 
The failure of potassium  ions  to inhibit  the  production of pyrogen by cells 
present in MEM is not necessarily inconsistent and agrees with the investiga- 
tions reported by Fessler who suspended cells in Tyrode's medium (27). The 
utilization of glucose by rabbit leucocytes suspended in these media (52) may 
alter the extracellular concentration of potassium. It also seems possible that the 
presence of other ions such as magnesium or calcium in the medium may affect 
the  inhibition by potassium.  Investigations  to  clarify this  point  have  been 
initiated. The relationship of cell viability to the production of granulocytic 
substance has been investigated. Results have shown that fewer than 25 per 
cent of the total number of cells dying during a 5 hour incubation in saline are 
dead in the first 90 minutes of incubation. Since the experiments reported by 
Fessler indicate that in a single incubation of leucocytes, pyrogen formation is 
maximal at 90 minutes (27), the data of the present investigations are consistent 
with the hypothesis that GS, as well as leucocytic pyrogen (53), is produced by 
viable cells. Like leucocytic pyrogen, GS is stable at acid pH and, on the basis of 
preliminary experiments, appears to be non-dialysable (54, 55). Finally, granulo- 
cytic pyrogen, as has been pointed out for the case of leucocytic pyrogen, may 
be distinguished from pyrexin and bacterial endotoxin by its activity in endo- 
toxin tolerant animals, its latent period, and its heat lability (26). 
The results of the present investigations indicate that the active principle of 
GS has both inflammatory as well as pyrogenic activity. The possibility that 
two different but similar substances are responsible for these phenomena cannot 
be excluded until further chemical characterization and purification of granulo- 
cytic substance are accomplished. Furthermore, the same speculation must be 
applied to the relationship of enhanced permeability to leucocyte sticking and 
emigration. Efforts to clarify these points further are currently in progress in 
this laboratory. Heat inactivation and alterations in the methods for release of 
GS have not enabled a separation of these functions of granulocytic substance. 
2  The fever indices in these experiments are greater by a factor slightly in excess of 13.8 
when compared to those of Wood and his collaborators  as a consequence  of an arbitrary factor 
of 10, differences  in the scales, and the fact that a 5 hour index instead of a 2 hour index was 
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The apparent  augmentation of potency by repeated freezing and thawing re- 
quires confirmation. This latter observation suggests the possibility of inactiva- 
tion of inhibitors, or activation by alteration or denaturation of chemical struc- 
ture  of  a  partially  active  precursor,  or  perhaps  liberation  of  an  activating 
°c~,,. 
652 
TXXT-I~o. 5. Schematic representation of postulated mechanism of action of granulocytic 
substance (GS). Systemically injected granulocytic substance (GS1) acts directly on the ther- 
moregulatory center (CNS) to elicit the initial rise in fever (1 in insert above CNS) and also 
acts on the leucocyte pool (PMN) to release more GS endogenously (GS~). GS2 in turn acts on 
the CNS to elicit the second fever peak. Locally injected GS1 injures the vessel wall causing leu- 
cocyte sticking and emigration and subsequent endogenous production of GS2 which perpetu- 
ates the reaction. GS~ released in sufficient quantity locally incites a systemic reaction. Exog- 
enous agents (E,A) may act either on the vessel wall or the leucocyte pool  resulting in the en- 
dogenous release of GS. 
enzyme from some subcellular element remaining in the supernatant  fluid after 
the final centrifugation. Regardless of the mechanism, however, leucocyte phe- 
nomena,  enhanced  permeability,  and  fever  are  similarly  affected  by  this 
maneuver. 
Whether or not GS may be a direct mediator or initiate a sequence of chemi- 
cal events  leading  to end-organ response  is  not fundamental  to  the  possible 
physiologic significance of GS as a factor in the pathogenesis of the delayed in- 78  PATHOGENESIS  OF  INFLAMMATION.  I 
flammatory response  and fever.  Biphasic  inflammatory reactions  have been 
observed with certain early reacting mediators of inflammation and endotoxin 
in the ear chamber (56). Prolonged reactions have also been produced by large 
doses of granulocytic substance. These reactions bear a superficial resemblance 
to the biphasic fever produced by large doses of leucocytic pyrogen (and GS) 
and endogenous pyrogen obtained from the serum of febrile rabbits (57). The 
analogy suggests a possible similarity in the pathogenesis of fever and inflam- 
mation.  Several  lines  of investigation have  led  to  the  hypothesis that  en- 
dogenous pyrogen and leucocytic pyrogen act both centrally on the thermo- 
regulatory center and peripherally  on tissues, presumably the leucocytes,  to 
release more endogenous pyrogen (57-59). In this way, a  single injection of 
leucocytic  pyrogen results  in a  double  stimulation of the  thermoregulatory 
center and biphasic fever. Exogenous pyrogens are thought to act indirectly  only 
by releasing endogenous pyrogen in vivo. A similar process can be envisioned 
for delayed local inflammation as shown schematically in Text-fig. 5. It seems 
possible that any agent which injures endothelium causing leucocytic sticking 
and emigration may initiate the production of granulocytic substance  in and 
around vessels. This endogenous production in  turn acts upon vessels to pro- 
duce a secondary response perpetuating the reaction. It is equally possible that 
some agents act directly on leucocytes causing the release of granulocytic sub- 
stance which then initiates the process of inflammation. In this way, inflam- 
mation may be self-perpetuating  after the exogenous agent has been removed or 
neutralized.  Experiments have been designed to evaluate the validity of this 
working hypothesis. 
S~AR¥ 
Material obtained from the in vitro  incubation of granulocytes from saline- 
induced peritoneal exudates of rabbits has been shown to produce inflammation 
and fever in rabbits. The supernatant material from cells incubated in saline 
has been termed granulocytic substance (GS) and is heat-labile.  Its production 
is temperature dependent, occurring at 37  ° but not at 4°C, requires viable cells, 
and is inhibited by potassium ions. A similar material is  liberated  when cells 
are incubated in a more physiologic medium. Freezing and thawing of granulo- 
cytes does not release GS and the active principle cannot be obtained from the 
incubation of lymphocytes. 
GS  produces  a  delayed inflammatory response  as  measured by leucocyte 
sticking and emigration in the rabbit ear chamber and the leakage of protein- 
conjugated dye at the site of intradermal injection. The former response can be 
accurately quantitated by calculation of the inflammatory  index from reactions 
observed in the ear chamber. The inflammatory reaction and the properties  of 
GS distinguish  it from a variety of previously described mediators of inflam- 
mation, but GS appears  to be identical with leucocytic pyrogen. The possible J.  M.  MOSES, R.  H.  EBERT, R.  C.  GRAHAM, K.  L.  BRINE  79 
role of GS in delayed and protracted inflammation and its relationship to the 
pathogenesis of fever are discussed. 
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EXPLANATION OF PLATES 
PLATE 3 
FIGS. 1. a and 1 b. Portion of ear chamber. Fig. 1 a. Before injection. Arrows indicate 
segment of venule (V) in which sticking leucocytes were counted. A few leucocytes are 
rolling along endothelium as indicated by their blurred margins (¢f. Fig. 3 a). The tone 
of the arteriole (.4) is normal. Fig. 1 b. Same area 60 minutes after injection of 0.006 ml 
of granulocytic substance. Endothelium is obscured by sticking leucocytes. A few cells 
have emigrated from vessels, and the arteriole is dilated.  X  125. THE  J'OURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  120  PLATE  3 
(Moses et al.:  Pathogenesis of inflammation. I) PLATE  4 
FI6S. 2 a to 2 d. Portion of ear chamber  showing  medium  size venule. Fig. 2 a. Before 
injection.  Fig.  2 b. 30 minutes after injection  of granulocytic  substance. Many cells  are 
rolling  along  endothelium.  Fig.  2 c. 50 minutes  after injection. Endothelium  is obscured 
by sticking  leucocytes. Fig. 2 d. 120 minutes after injection.  Leucocyte sticking has de- 
creased. Emigration is more prominent (@ areas indicated by arrows in Figs. 2 b and 
2 d). The inflammatory index for this experiment  was 754. X 125. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  120  PLATE  4 
(Moses et al.:  Pathogenesis of inflammation. I) TIIE JOURNAL  O17 EXPERIMENTAL MEDICINE VOL.  120  PLATE 5 
(Moses eta/.: Pathogenesis of inflammation. I) THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 120  PLATE 6 
PLATES  5  AND  6 
FIGS. 3 a to 3 c. Venule in ear chamber. Fig. 3 a. 30 minutes after injection of granu- 
locytic substance.  A  few leucocytes (L)  are sticking to endothelium  (E)  while others 
are rolling slowly as indicated by their indistinct  margins.  Fig. 3  b.  60 minutes after 
injection. Sticking leucocytes are piled upon one another in some areas. Endothelium is 
obscured by emigrating leucocytes. Fig. 3  c.  120 minutes after injection. Sticking has 
decreased and  the endothelium is readily identified in the subsiding  reaction. Leuco- 
cytes which have emigrated are difficult to see in this particular view. X  500. 
(Moses eta/.: Pathogenesis of inflammation. I) 